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Abstract

In this work, carbon nanotubes (CNTSs) were synthesized by chemical vapor deposition (CVD)
at 900 °C at pressure 1 mbar using ethanol and ammonium iron (IIT) citrate as carbon source and metal
catalyst, respectively. To remove amorphous carbon and remain metal catalyst, the synthesized CNTs
were purified by acid and thermal treatments, respectively. The purified CNTs were mixed with zinc
oxide nanoparticles (ZnO NPs)-ethanol-sodium hydroxide and followed by stirred at room temperature
(hereafter referred as to ZnO-CNTs). The morphology, nanostructure, composition, purity and
crystallinity of CNTs and ZnO-CNTs were analyzed by scanning electron microscopy (SEM), energy-
dispersive X-ray spectroscopy (EDX), transmission electron microscopy (TEM) and Raman
spectroscopy. The results of SEM, TEM images and Raman spectra show that the structure of CNTs
were double-walled carbon nanotubes (DWCNTs). ZnO NPs were successfully attached on the sidewall
of DWCNTSs which was confirmed by TEM and EDX. CNTs and ZnO-CNTs were detected to nitrogen
dioxide gas (NO,) in the range of 50 to 200 parts per million (ppm) at different temperature. The
sensitivity of CNTs to 100 ppm NO, gas at room temperature, 75 °C and 100 °C were 44.28 %, 48.15
% and 38.88 %, respectively, while the sensitivity of ZnO-CNTs were 25.62 %, 33.92 % and 31.13 %,
respectively. The sensitivity of ZnO-CNT sensor is lower than that of CNTs sensor. This result may be
attributed to the ZnO NPs-attached on the sidewall of DWCNT, and thus decrease the surface area for
gas adsorption, resulting in a decrease in the sensitivity. The decrease in resistance is an evidence that
the hybrid materials are p-type semiconductor. This results show that the majority material for sensing

is DWCNTs.
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